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@ Dry etching with hydrogen bromide or bromine. 

@ Plasma etching with hydrogen bromide or bromine as an 
etching gas allows precise control of etching for attaining 
vertical etching or taper etching with a desired taper angie by 
controlling a temperature of a mass to be etched, which mass Is 
usually a semiconductor wafer. 
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DRY ETCHING WITH HYDROGEN BROMIDE OR BROMINE 

The present Invention relates to dry etching a material such as polycrystalline silicon and silicides with 

Ivsr rSampte frst'polyTrystalline Silicon layer, is vertically etched, the thickness of an "PP^J^yeMor 
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^'Sne solution to the above problems Is the use of a vertical etching process having a ^iQh f lectivl^^ 

ifrSi!^ Aie to SI is?t 0 Jo Sure thereof, and I becomes difficult to control the width of a pattern. To 
O^Jt Se's* viVS'a^^^^ such an etching gas. a carbon-bearing gas may be used but use o a 

»r nl™ Itel. side » wnw. a 8«on<l pol,»iy«a«r» slteoiHwftecleposlBdandlhm Mohrf. 

"TeSISiSS^ gas to Whloh . a.pos»lng gas sooh as CH. . C,H. . if •■"'""P^ 

r^A ternMW^^^ ashing of a resist mask. [Japanese Unexamined Patent PuW^at'on (KokaO 
No 56^Sand 57^^^^^^^^^^ ] This process Is complicated and contrcl of the width of a pattern is difficult. 

^'"(S !2:tSptc":flC^^^^^^^^^ The isotropic etching Is stopped ^^^^^^^^ 

upper part of a polyc^stalllne silicon layer is etched, and then the anisotropic etel^'"3/s earned c^^^^^ 
KneS Unexamined Patent Publication No. 57-7936 and 56-90525] This process also .s complicated. 

and the control of the width of a pattern is difficult. Ji„..e,>H =« that thp flow 

(6)Amaskhavingan overhanging portion havingalowersurface facing upward,^^^^^^^ 
of ions is disturbed and thus a tapered pattern is 'o^nied. [Japanese Examined Patent Pu^^^^ 
No. 57-42154] It is not easy, however, to form a resist mask having an overhanging portion as above, and it 

ss is difflcultto control the width of an etched pattern. material 

There ore an object of the present invention is to provide a process for anisotropicany e chmg a material 
such as polycrystalline silicon and silicides. which process is simple and is easily ^. „ . 

Tc.4rdin& invention there is provided a process for selectively etching a mass. co"ipnsing. providing 
an etch no mask over the mass to expose an area of the mass to be etched: and providing a plasma of an 
eo e?cKng !LTn conrc SThe mass, the etching gas containing hydrogen bromide, bromine or a cofinahon 
?ierS S a mi reactive component that reacts with the mass, whereby the exposed area of the mass is 
ISveTy etchTd to tomi a mass having an etched portion and a side wall along a Pe"Phe'y f « etd«"9 
S=k Serein the temperature imparted to said mass during etching is set to give the etched mass side wail a 
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predeterniined angle of inclination. 

fiiif «T1nt ^^loilJ?'' Paten* P"b"cation-No.58-14507. corresponding to U.S. patent application S.N. 594418. 

X'2,Jr:I'il^^»^^^ °' * compound may be used for a vertical etching of 

silicon, but in this publication, only carbon tetrachloride is actually used in experiments, and bromine or a 
1^ K®".*'°"°^ "'^'^'y ^ alternative. Furthermore, this publication states that a 

Si?o!l ^'^"^'^ "9 Heated, since the boiling point of SIBr. at which It is thought to be vaporized, is 
Ift^'Jl^J^l Inventors, however, surprisingly found that a vertical etching of silicon, etc.. can be carried 
%r f^^Tll ^ ^f ^' = *^P^^ ''^ obtained at a temperature of 

-40 C to 50 C. in which process the taper angle of the etching is precisely controlled in accordance with the 
temperature, 

U.S. Patent IMo 4 490.209 issued on December 25, 1984 to Hartman discloses a plasma etching vi^hich allows 
an anisotropic etching of silicon, in which a gaseous mixture of a chlorlne*earing species and hydrogen 
rnmn^LIf. "'h h w t^^^^t * <'hlorine-bearing species must be used as a main reactive 

component and hydrogen bromide added In a small amount of about 1 to about 10%. to allow a near perfect 
^Im nf ^ ^1°°^^^ "^"^"^ ^"^ P™''^^ °f Present invention, in which hydrogen 

ttnl^ „„^°^^^^ f ^ main etohing or reactive component and not only a vertical etching but also a 

taper etching can be earned out. and the taper angle controlled as desired 

^J!'^fl^°^*' ir *'=°*'^'='a"?? with the present invention, a taper etching having an inclination angle of the side 
wall of an etched mass of less than 90' is obtained at a temperature of the mass etched of -40°C to +50°C 
and a substantially vertical etching is canied out at a temperature of the etched mass of 50°C to ISCC The 
relationship between the angle of Inclination of the side wall of the mass etched and the temperature of the 
mass etched Is expressed as follows- 
e i + 65 

where 6 stands for the inclination angle of the side wall of the etched mass and t stands for the temperature of 
the mass during etching, the inclination angle B having a dispersion of ±5». Note, the temperature mentioned 
above is that of the mass to be etched, not that of an atmosphere surrounding the mass to be etched 
thi'I hTo^^®' ^ ^y^-^ °L "?"-^°P^'^ polycrystalllne silicon, at a temperature of an etched mass of more 
than 150 C a taper etching having an inclination angle of the side wall of the etched mass of more than 90» can 
be obtained. For an n-type polycrystalline sBloon. at a temperature of more them 150'C. side etching or 
undercut profile is obtained. oiwima w 

As described above, a carbon-bearing etching gas may cause deposition of a polymer onto a wall of an 
etching chamber, which may result in contamination by particles in products. Further, a carison-bearing 
etching gas may reduce the etching selectivity of a material such as polycrystalline silicon on silicides 
Accordingly the etching gas used In a process of the present Invention preferably does not contain a 
carbon-bearing component. Similarly, the etching chamber preferably does not Include a carbon-bearing 
material which can come into contact with a plasma of an etching gas. Such a carbon-bearing material 
deadvantageously reduces the etching selectivity of a material to be etched. And the content of carbon in the 
etching gas Is preferably less than 120 ppm. more preferably less than 40 ppm. based on the total w^ght of the 
etching gas. 

In accordance with the present invention, there Is also provided a process for selectively etching a mass 
comprising: providing an etching mask of an organic material over the mass to expose an area of the mass to 
be etched; providing a plasma of an etching gas In contact with the mass, the etching gas containing hydrogen 
bromide as a main reactive component that reacts with the mass, whereby the exposed area of the mass is 
selectively etched; and providing, around the mass having the etching mask of the organic material thereover, 
an atmosphere containing excited oxygen atoms separated from a plasma thereof. 

When plasma etching is carried out using hydrogen bromide as an etching gas and an organic reslst as a 
mask, followed by ashing the organic resist mask, a thin film remains In the form of a fence along the periphery 
of an onginal pattern of the organic resist mask. This thin film may result In contamination by particles and 
reduce the product yield. This thin film in the form of a fence can be removed by cleaning with a dflute 
hydrofluoric acid, but this may damage an underlying layer, for example, a gate oxide film, and thus cannot be 
used m the fabncation of semiconductor devices. Silicon oxide and nitride layers may be used as a mask 
without raising the above problem, Instead of an organic mask, but the use of these layers complicates the 
process. 

As a result of attempts to solve this problem, the Inventors found that the thin film In the form of a fence Is 
formed from carbon, bromine, oxygen, hydrogen and. if present, silicon, etc., during plasma etching with 
hydrogen bromide, and that this thin film cannot be removed by oxygen plasma ashing but can be removed by 
treatment with an excited oxygen-atom-containing atmosphere separated from a generated plasma. Here an 
ported oxygen-atom-containing atmosphere is formed by transportation of excited oxygen atoms, mainly In 
the state of neutral atoms, from a plasma, mainly In the state of ions, generated by an electrical discharge or 
microwave inradiation, the transportation of excited oxygen atoms being caused by a pressure difference. 
Therefore, an excited oxygen-atom-contalning atmosphere can be formed downstream of an oxygen plasma 

The organic resist used for plasma etching with hydrogen bromide can be removed by oxygen plasma 
ashing, except for a portion of the fence-like thin film. Therefore, treatment of the organic mask In an excited 
oxygen-atom-containing atmosphere can be combined with a normal oxygen plasma ashing before or after the 
former treatment. 
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The excited oxygen atom-containing atmosphere may be formed from mainly oxygen gas (O2). whic^^^ 
h Jogeniearing gas such as CF4. nitrogen or water may be added to Increase the generation of oxygen 

The general conditions for ashing with an excited oxygen-atom^ontainlng atmosphere are shown as 
5 follows: 

Temperature of mass to 0- 170^*0 
be ashed 

Gas pressure 0.1 - 10 Torr 

Oxygen gas 0.1-5s/m 

concentration 

Gases added to oxygen 

gas 

15 CF4 0.1 -250/0 

rvj2 3 - 1000/0 

H2O 100-3000/0 

Plasma generating 1 00 - 3000 W 
microwave power 

Treatment time 5 - 600 sec 

For a better understanding of the Invention and to show how the same can be carried into effect, reference 
will now be made, by way of example only to the accompanying drawings, wherein: 

Figures 1 A to 1 C show the main steps of dry etching an upper layer of polycrystalllne silicon on a lower 
laverof polycrystalllne silicon as effected conventionally; . e- -a 

Fig. 2 Is a perspective view showing an etching residue resulting from dry etching as shown m Figs. 1 A 
to 1C" 

Rg! 3 is a schematical view of an apparatus for plasma etching used in a process according to the 

^ '"rJ? M to^4E are sectional views of patterns etched in accordance with a process of the present 

'"rJ' 5"shows relationships of the taper angle obtainable by the dry etching and the temperature of a 

35 ^ffg 6 te'^sdrtScal view of an apparatus for plasma etching used In an embodiment of the present 

Rg* 7'shows the relationship of the etching selectivity of poVcrystalline silicon to SiOa and the carbon 
content in etching gas ; 
Fig. 8 is a schematical view of an apparatus for downflow treating; 
40 Fig Qshowsfrontandsideviewsof anapparatusforashing;and 

Rqs 1 0A to 1 0D schematically show patterns obtainable by various ashing processes. 
Before describing the present Invention in detail, the prior art is briefly illustrated using drawings., Rgures 1A 
to 1C illustrate the steps of an RIE of an upper polycrystaliine silicon layer oiva step ^'f°'','^^}^l 
pol crystalline silicon la^r. In Rg. 1 A, 1 denotes a silicon substrate. 2 an Insulating film 3 a Ars^ Po}W^J«ne 
silicon layer. 4 an insulating film, and 5 a second polycrystalllne silicon layer <lepositedJ)y CVD. The second 
teyer 5 hL different thicimess A and B over flat and step portions of the first layer 3; he Jhiokness B oft^^^ 
Snd i^r over the step portion is larger than the thickness A over the flat portion When this s^mctu-^ is 
subiecl to RIE. a portion 7 of the second polycrystaliine silicon layer near the step portion of the first 
polycrystalHne silicon layer 3 remains unetohed. as seen in Fig. IB. This remaining portion 7 may cause a short 
circuit between adjacent wiring patterns of the second polycrystalllne silicon layer, as seen in Fig. 2. If the 
second polyciystalline silicon layer 5 is subject to overetching. to completely remove por ion J^. the 
Insulating films 2and 4 are undesirably excessiveiy etched as seen in Fig. 1C. This is because of a relatively low 
selectivity of etching between the polycrystalllne silicon and the insulating films. 

The present invention is now described in more detail. 

5S Figure 3 shows a reactive ion etching (RIE) apparatus used in the following example. ?PP^™"«' ^ 
wafer 11 is electrostatically mounted to an electrostatic chuck 12 by applying a voltage of ±1500 V to the 
chuck 12 through low pass filters 13. from a DC power source 14. A gas. for example, helium urider a pressure 
of 0-20 Torr. is introduced between the wafer and the chuck 12, through a gas inlet 21 from a 
pressure-adjusting unit (not shown), to facilitate thermal conduction. The temperature of the electrode 15 
60 controlled by cooling water 16. When the electrode 15 is to be cooled to less than 0°C, the cooling liquid is 
composed of methanol, a mixture of water and ethylene glycol, or a mixture of water and methanol. An etching 
chamber 22 is evacuated through an exhaust port 20 by a vacuum pump (not shown). Ati etching gas is 
introduced to the chamber 22 through a gas introducing port 19. and a high frequency wave is applied to the 
gas by an RF generator 18 through a matching box 17. to generate a plasma and thereby carry out an etching. 
es The temperature of the wafer 11 during etching is detected by a fluorescent thermometer 24. A fluorescent. 
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mSal 26 fhSIZsX^^^^^^ V'' "5" ' ^^'^^ ''^^'^'^^ ""orescent 

maienai tnrougn a glass fiber 23 passing through a pore 25 of the electrode 15 and a fluoresnent linht 

orc^Sractim tl^^ wlferT^^^^^ ^i; ^^^"S'ns ^^e voltage app.ledto the chuck 12 to change the 

TJ^lTi An K ' *° ""^^"^^ ^''^ conduction between the wafer 11 and the electr<Je 15 

of ?^?ltn ? °^ ^ phosphorus-doped n-fype pdyon^stalline silicrCteSJ^ M 

Sni ^frnlR^'^l'" ^^"'^'^^^^ w'tti the present invention and using an appara^r^c^ In Fta^ m 
Figs. 4A and 4B, reference numeral 38 denotes a masl< of a Dhotorp«ii<!t <?iri. «i!m T*?^o 

Sth a SrSlSmS; Sf;^^^ ^ "-^yP" '*°P"'^ polycrystalllne silicon etched 

So, mK^r^inLl^ f ^ represent an n-type doped polycrystailine silicon etched with an 

fnr, ^hT^ 7^ ^ '^P''"^"' * non-doped poiycrystaliine silicon etched with a photoresist rnask 
Ro 5 on^r^ S^HnT^'f * polycrystailine silicon etched with an SiOj mSfc % see^fn 

ilo- TnH L^r "«*'°" °' ? P"""'" °' °»'««'"««' «t * wafer ter^perature of -S" o 
+50 and the inchnation angle is increased with an increase of the wafer temperature in the lbo«^ 
temperature range. This relationship is represented by the formula: 9 = t/2 -H ^±S\tT% 60^ 8 1 

Example 1 

fra^HiSlonn/!!^!'^ * ttilokness of 20 nm. on which a phosphorus-doped polycrystailine silicon layer 
K^te A^h^ST ^ "^'"kness of 400 nm. was thermally groZ on the surface of a si taon 

SSSooraKecSf ""k "^T'' °" Pl^osphorTis-doped poiyc^n^stailine silicon layer by a S 46 
R^S^r«SK?t .^nH 'i'^^*''^*^ "^^^ Waratus as shown In Rg. 3, and an 

RIE was earned out under a supply of an etching gas of 16 SCCH/I - Bra + 57 SCCM - He a preiui^ of 01 

temperature of -15 C, and an electrode temperature of -lO-C. The maximum wafer temoerature O-r 

Example 2 

elemrodSpTr^tuiS'C r^L^S"**'" ^""""^ ""o^ t^-P^^t"^ was 25-C. the 

iSe result^^^^ 55 

Example 3 
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inn nm ^''^''"'^■'^T'* polycrystailine silicon layer was deposited, and a CVD SIO2 layer having athickness of 
The results are shown in Table 1. F««iea. 
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^^Smpt prepared In accordance with the procedures of Example 3 was etched under the same conditions 
as in Example 2, followed by an overetching of the polycrystalline silicon for the same time as required for the 
former etching. 
The results are shown In Table 1. 
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■ The sam e sample as in Example 1 was etched under a supply of an etching gas of 25 SCCM - HBr + 57 
SCCM - He a pressure of 0.12 Torr. a power of 350 W. He supplied between the wafer and the chuck at 10 Terr, 
a cooling liquid temperature of ^15»C. and an electrode temperature of -lO'^C. The maximum wafer 
temperature was 
The results are shown In Table 1. 

^ITh^ Ex ample 5, etching was carried out under a cooling liquid temperature of 20^C, an electrode 
temperature of 20°C. and an He pressure of 2 Torr. The maximum wafer temperature was 50. C. Overetching 
was carried out for the same time as required for the former etching. 
The results are shown in Table 1. 



Table 1 



Ex. 



Mask 



Wafer temp. 



Etching^* rate 
(nm/min) 



Etchlng^^ 
selectivity 



Resist 
Resist 



3 Si02 



SiOa 
Resist 



6 Resist 

1) Etching rate is that of the polycrystalline silicon 

2) Etching selectivity is that of polycrystalline silicon to SlOa. 

') The angles 82'*. 89** and 92° are considered substantially vertical. 



Etching 
inclination 
angle 9 



0 


150 


10 


57° 


50 


200 


23 




0 


150 


30 


62" 


50 


200 


50 


89"* 


5 


100 


15 


GZ" 


50 


170 


27 


92** 



40 



45 



SO 



55 



60 



Examples 7 "* 14- 

A sample prepared as in Example 3 was etched under a supply of an etching gas of 50 SCCM - HBr. a power 
of 0 1 Torr a power of 300 W (a power density of 0.66 W/cm2). and He supplied between the wafer and the 
chuck at 10 Torr. The electrode temperature was controlled by heating with a heater arranged in the electrode, 
to within SO'^C to 300°C. 

The results are shown in Table 2. 



Ex. 



Table 2 



Mask 



VVafer temp« 
£0) 



7 SIO2 

8 SIO2 

9 Si02 

10 SiOa 

11 SiOa 



12 Si02 

13 Si02 

14 Si02 



Etching rate 
(nm/min) 



Etching 
selectivity 



Etching 
inclination 
angle 6 



80**C 


300 


30 vertical (90°) 


lOO^^C 


310 


31 vertical (90°) 


130°C 


320 


32 vertical (90°) 


150^C 


330 


33 vertical (90°) 


leo'c 


320 


32 slightly 






undercut (as In 






Fig. 4C) 


180*»C 


310 


26 undercut (as in 




Fig. 4D) 


200° C 


300 


21 undercut (as in 






Fig. 4D) 


300°C 


240 


13 undercut (as in 




Fig. 4D) 
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Example 15 

42SetehinTc"^ - these Examples, in which 41 denotes a wafer, 

quartz glass for hoSg a ^^S^VToc ^^r !"^^' f '^^T'^^" ^ ^ electrostatic chuck. 46 a block o 
frequency power. 49 a is and 5L aasoZt ?H'°^ electrostatic attraction of a wafer. 48 a high 
thermometer, no shov^ The waTs of the etchi^^^^^^^ temperature was detemiined by a fluorescent 

covered wi«, quartz g,as Jo^ T^^^^^^^^^Z^^"^ °' ""''^^ ^'^^'^^"^ - 

thiJ^Z'^Sro^rrs^rm^yXn^rrha^^^^^^^ ^ ^'^^ ^^^"9 a 

400 nm was deposited, on which in hjTa ma^k natf»« '^^^^ ^^"'"^ ^ thickness of about 

and a width of 1 nm deposited °^ 

R.rtrsSs&ToJ?^Xt^^^^^ 

from the gas inlei 49 Into th^ e?SSmbe?42 a^d ."fj introduced at SO SCCM 

inside the chamber 42 at 0 1 Tor™^d to wh?ch = Zh , ^^'^ ^^/o °""e* ^0 to keep a pressure 

the power source 48Aa*o«linolv tTp mrl frequency (13.56 MHz) powerof 300 Www applied by 

Silicon was 220 nm/min and that of the SlOa wrTnSn and fhuf rate of the polycystalline 

""arnrs r " " '"^^ ^^^^^ 

Example 16 

ofi!::Ktrof^B^c'r?j^^^^^^^^^ 

SCCI^. the poiycrySne^HiTon etohi^^^^ ^* "^^f^^^'te of 10^ 

polycrystalline silicon to the Sio" was 4 '^'^^ ««'^«=«^"y the 

The results are shown In Table 3. 

Example 17 

atomKo So^'Itor^Sa'd'dr^ *^*r«^" '^^^ ("^^'^ '>«-ng - oxygen 

silicon was not chJ^S S Jm^ H " th?^ 

x^;u^^ r £r{2ef ^' ^^^^^ s ij: s r » ls--- - 
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Table 3 



EL Etching gas Mask 



15 



16 



17 



HBr 25 
SCCM 
HBr 100 
SCCM 
HBr +02 





vertical ' 


Poly-Si 


SiOg 




etching ("C) 


(nm/min) 


(nm/mln) 


SIO2 (or 


50-150 


220 


2 


Si3N4) 






Si02 (or 
Si3N4) 


60-150 


290 


3.5 


SiO 


50-150 


220 


1 


(or2Sl3N4) 





Poly-SI/SiOa 

110 
82 
220 



35 



40 



45 



Example 18 50 

tetS£^ofS:°wLiSford^T^^^^^^ 

Of the Side wall of the etched p2n of less ^^%o"''!^^ ^ ^ 

Example 19 55 

4rsri,?ssSL^5;:^ »»■ »• — ^ « 

me results are shown In Table 4. 
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Table 4 



§5: 


Etching gas 


Mask 


Temp, tor 

vertical 
etchlng{°C) 


Etch rate of 
Poly-Si 
(nm/min) 


Etch rate of 
SIO2 
(nm/min) 


Selectivity of 
Polv-Si/SiOa 


19 
20 
21 
22 


HBr 
HBr 

HBr 
HBr/02 


Resist 
Si02 

Sl3 ^ 
S102 


50-90 
.50-150 
50-150 
50-150 


220 
220 
220 
220 


15 
7 
7 
5 


15 
31 
31 
44 



As seen in Table 4. by using a chamber having a coating of a carbon-bearing material. *e etohing rate of the 
potyc^^rne sTcon was not changed, but the SIO^ etching rate was increased, and thus the etching 

^trri'^oth^SLS 

chSer or on *e eleotrode. the SiO^ etching rate was increased and the etching seiectivrty was decreased. 

20 ^Te?rocedurefo f Examples 1 5 to 22 were repeated except that the etching gas was changed from HBr to 

°TheKs are shown in Table 5. The results were not varied, regardless of the material of the etching 

'"'^Notethat although etching with SFs at -laO'C provided an excellent etching rate and etching selectivi^. 
25 etSif al<S! temlirature of -130"C requires a cooling mechanism using liquid nitrogen, etc.. maldng the 
during apparatus complicated, less reliable, and expensive. 

Tables 



30 



35 



40 



Ex. 



Etching gas 



Masl( 



23 


SFe 


SIO2 


24 


CCI4 


Resist 


25 


CI2 


Resist 


26 


CI2 


Si02 


27 


Br2/He 


Resist 


28 


Br2/He 


8102 



Temp, for Etch rate of 
Poly-Si 
(nm/mIn) 



vertical 
etching (°C) 

-130 or less 
50-100 
0 or less 
-50 or less 
50-70 
50-70 



600 
400 
420 
400 
190 
190 



Etch rate of 
SIO2 
(nm/m!n) 

6 
80 

40 
16 
14 
9.5 



Seiectivity of 
Polv-Si/SlOa 

100 
5 
11 

25 
14 
20 



45 



^Tfi^edures Of Example 15 were repeated, except that the HBr used ha^ 
content of 30 ppm by volume based on CO2. 
The results are shown in Table 6. 



^rS^edures of Example 29 were repeated, except that the HBr used had a pur^ 
^0 content of 350 ppm by volume based on CO2. 

so that the etching selectivity of the polycrystalline silicon to the SIO2 was reduced to 31. 



55 



60 
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Ex. Etching gas 



29 HBr25 
SCCM (high 
purity) 

30 HBr25 
SCCM (low 
purity) 
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Table 6 



Mask 



SiOa 



Si3N4 
Si02 



Si3N4 



Temp, for 
vertical 
etching (°C) 

50-150 



50-150 
50-150 



50-150 



Etch rate of Etch rate of Selectivity of 
Po'y-Si SIO2 Poly-SI/Si02 

(nm/min) (nm/min) 



220 



220 
220 



220 



2 
7 



110 



110 
31 



31 



Example 31 
Example 32 

Three kinds of samples were prepared for the following Examples 
The results are shown In Table 7. * . 
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Table 7 



W 



15 



' ~ Etch rate Etch rate Etch rate Selectivity of 

Ex. Etching Mask Wafer of As-doped of P-doped of SiO^ ^.^e?? 

Temp. Poly-Si Poly-Si Si/SiO^ 



gas 



32 . 



HBr 


Resist 


20 


170 


220 


14 


16 


HBr 


Resist 


50 


190 


240 


14 


17 


HBr 


Resist 


100 


220 


270 


14 


19 


HBr 


Resist 


150 


260 


300 


14 


- 21 



20 



T^e W les A and B were subject to etching under the same conditions as in Example 32 exc^P^ J^^f 
wa^? tSerature was 100'C and the etching was continued to a 500/o overetch.ng^The etched wafer was 
Ssrred under vLum to a microwave down-flow treating apparatus, as shewn .n Fig 8 connected to th^ 
eSg ipara^^ through a vacuum chamber. In Fig. 8. 61 denotes a wafer. 62 a gas '"'^^f ^^^^^^'l " 
DorV 64 a ie 65 a perforated aluminum plate. 66 a microwave-introducing window. 67 a P>asma. 68 ^ 
micro««ve iSt. 69 a Slasma chamber, and 70 a sample chamber. In the microwave downAow treatng 
^DoarXs the aboTO etched wafer was treated under the conditions of a gas mixture of oxygen at 1 .5 SU/I and 

eoc.and atime of 30 seconds. The wafer was then removed from the Ward's /nd ^f^f ''V ^^^^ 
RF piksma ashing apparatus as shown In Figs.9. In which the 71 denotesavtfafe^72agM.nlet.73agM 
74 aStohSbox 75 a RF power, 76 a wafer holder. 77 and 78 electrodes. 79 a quartz ctember. and 80 a 
Sverffeashinrcondffi^^^ 

rSer temperature of 200»C-300''C. and a time of 30 minutes, after which the resist rerno^d_ 

The resXnt wafer was observed by an SEM (scanning electron "i^lcroscope). the etc^^^ 
po^SySrsllicon layers except for one etched at 20°C were found to have «J«"'Jf^„^X;^"^^ 
side wall The one etched at 20°C was found to have a pattern of tapered side wall. As seen <n Rg. 10A, no 
r2tetence !f the polycrystalllne silicon at the etched area and no residue of the resist on he PO^^nr^''^^ 
S^rp^tern we'e obsen/ed. and no damage to the underiying^^^^ 

denotes a silicon wafer. 82. 82'. and 82" an SiOa film, and 83 a pattern of the potycrystaUine silicon layer. 

^yS^ les A and B were subject to etching under the same conditions as in Example exc^Jj^f 
wafer tXerature was lOO'C and etching was conducted to a 50o/o "^^^^^''"aj^^^^^ 
transferred under vacuum to the microwave down flow treatment apparatus as shown in Fig. 8 an«l treatea 
undS the c^^^^^^^^^^ - gas flow of 1 .5 SLM oxygen and 200 SCCM tetraf luorocarbon. a pressure of 1 .5 Torr. a 
microwave power of 1.6 WW. a wafer temperature of 60«C and a time of 120 /econds. 
The resultant wafers were obsen/ed by SEM. and the results were similar to those of Example 33. 

^Te?amp les A and B were etched under conditions similar to those in Example 33. to aSOQto overetchlng. 
Af?r trrSing the etehed v^^^^ to the apparatus shown In Fig. 8. the wafer was treated under the 
So^tffgL L^^^^^ .5 SLM oxygen. 200 SCCM nitrogen and 100 SCCM -^t^^^apon ^^^^^^^ 
Torr. a microwave power of 1.5 kW. a wafer temperature of 150"C. and a time of 120 seconds^ TJ^*™^^^ 
wlferwas then subicted to ashing by the apparatus Shown in Fig.9. under thecondrtionsofa^^^^ 

SCCM oxygen, a pressure of 1 .0 Ton-, a RF power of 300 W. a wafer temperature of 200 C - 300 0 and a time 
of 30 minutes, to remove the resist. . ., , c„o.«nia w 

The resultant wafer was observed by SEM. and the results were similar to Example 33. 



30 



35 



40 



45 



50 



55 



65 



10 



EP 0328350 A2 



Example 36 
This example Is comparative. 

The samples A and B were etched under the same conditions as in Example 33. for a 50<Vb overetchina The 

. the™'rSTfen?e'^'^'''^^'^ '^''*'"'""^-^°^''P^^^^ 

««^LZ^tLHL'SHl'^«f •2?™""°^*' tf's resultant wafer was obsen,ed by SEM and It 

««s found thai the residue of the resist 84 in the form of a fence was removed, but the underlying SiOz film 82 io 
was damaged by the dHute hydrofluoric acid.as seen in Fig. 10C. ""uenying siuz mm tu. w 

Example 37 
This Example is also comparative. 

Tol? TS?rft.^u«H f T!:,^'^ ^» ^" P°*er of 200 W and a pressure of 0.1 is 

Torr. The apparatus used for etching was similar to that shown in Fig. 6. but helium gas at 10 Torr was filled h a 
closed space be^een the wafer and the electrode to reduce the temperature dZrinw therebSSSn 
appropnate cooling liquid such as water, methyl alcohol, nitrogen gas or Crn^ogen w2 ^"4^^ 
procedures were the same as those in Example 32 except for the 50% overetching 

The resulting wafers were subject to ashing by an apparatus as shown In Fig. 9, with oxygen to remove the so 
It'JtJ^ T^r" "t"^ TZ ^ ^ *^ « '^^^^ ^ 'hewn in Fig 10^1 e . no r^J^^^^^ 

HBr'S2» '^Ik'X'T ^ r * * " "° °^ ^«^'^t- ^'^^Pt for wa ers etched by 

^ of ^ ^ tetrachlorocarbon CCI« had a structure as shown In Fig. 10D. Thus the underlvlna 
S1O2 film 82" w^ completely removed and the silicon wafer 81 was also etched at a portion where a S 

The results are shown in Table 8. 



Table 8 



Ex. Etching N4ask Wafer Etch rate Etch rate Etch rate Selectivity 

9" Temp.(»C) of ofP-doped ofSiOz ofP-doped 



37 SFe 


Resist 


-130 


500 


Ci2 


Resist 


-50 


250 


Bra/He 


Resist 


100 


120 


ecu 


Resist 


100 


340 



30 



(nm/min) As-doped Poly-Si (nm/min) Poly-Si/ 

Poly-Si (nm/mln) Si02 
(nm/min ) 35 

500 7 71 

300 20 15 

150 9 17 

400 50 8 



Example 38 

The samples A and B were etched under the same conditions as in Example 33 for a 500A overetching The 4S 

^^horJ^t^.""'""''* *° ^'^'"^ ^"^^ ""^"^^ ^'^P'^ 36 to remove the resist Thetafer 

was thwi treated In an apparatus as shown in Fig. 8 under the conditions of a gas flow of 1.5 SLM O2 and 200 
seclrels • ^P^^^"***^ ^-SToir. a microwave power of 1.5 kW. a wafer temperature of 60«C. and atime of 120 

o»ZlT^« "Tf^"^ T'® observed by SEM and the results were similar to those in Example 32. Namely, the so 
ITt f polycrystalline silicon layer had a vertical side wall except for one etched at 20'(The one 

fS,f „Mh» V^''^'^".^"^^ "^^'-^ = '''^ polycrystalline silicon in areas to be etched and no 

Mlfftll fu "bserved: and the underlying SlOa film was not damaged; as shown in Rg. 10A. 

Note that a gas that contains halogen such as CF4 may be added to oxygen to enhance the generation of 
sTc'r^ oxwt"' ' ^ etching of the ,Slycn«talline 55 

^i^^nlr!^!'^'!^J"^^ ^ '^'^^^ '°" etching, but also by parallel plate type plasma 

SL eteWng *^ resonance plasma etching, or by microwave plasma etching or by Magnetron 

™c =m!Ik 9^ ""^ ^ combination of hydrogen bromide or bromine with oxygen, nitrogen, hydrogen, a 60 
as argon and helium, a fluorocarbon gas such as CF4 . CBrFs . CHF3 and CzOFs . a halog;n 
beanng gas such as SFe , NFa , Qs , BCI3 . SICI4 and CCI4. • 

be^orecteelw KpT^I" ^ fT\^^ f "?^" "'V'^^' ^^^^^ °' high melting point metals may 
De precisely etched with a high etching selectivity. 
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Claims 

5 1. A process for selectively etching a mass, comprising: K„„.„u„H.=nrt 

providing an etching mask over the mass to expose an area of the mass to be etched and _ 
E ov'.ding a plasma of an etching gas in contact with said mass, said etching gas co"tein "g hydrogen 
SonSe bromine or a combination thereof as a main reactive component that reacts with mass 
wheTeW said exposed area of said mass Is selectivity etched to form said mass having an etched portion 

" :rr;:rp=£rrtf^^^^^^^ 

^Tj^SifaSoS to^^^^^^^^ said mass is made of a silicon or a silicon-containing 

""Ittocess according to claim 1 or 2, wherein said etching is conducted at aternperature of -40»Cto 
+50'Ctoforma8aldsldewaiiofsaidmasshavinganlnciinationangleoflessthan80 ,„„^,„ 

4 A process according to claim 1 or 2. wherein said etching Is conducted at a temperature of 50 C to 
ISO'CtoformasaldsidewailofsaidmasshavlnganincllnationangleofaO ornearso . ... . , 

5 A proUss according to claim 1 or 2. wherein said etching is conducted at a temperature of higher 
than 160°C to form a said side wall of said mass having an Inclination angle of mora than 90 ■ 

6 A process according to any preceding claim, wherein said etching gas contains only hydrogen 
bromide or bromine as the reactive component and further contains an inert gas 

7 A process according to any prBceding claim, wherein the temperature of said ""^^ te cliose"^^^^ 
predetermined inclination angle of said side wail of said etched mass in accordance with the following 

25 formula: 

wlTer'e 9 Sands for the Inclination angle of the side wail of the etd^ed mass and t stands for the 
temperature of the mass during etching, the inclination angle 9 having a dispersion of ±5 

8 A orocess according to any preceding claim, wherein said etching gas does not contain a 
caLtbScompoSLw^^^ 

with said plasma of the etching gas. 

9 Aprocessforselectivelyetchingamass, comprising: ^ 
providing an etching mask over the mass to expose an area of the mass to be etched; and 
S nS a plasma of an etching gas in contact with said mass in an etching chamber, sa^d etching gas 
oontoning hydrogen bromide, bromine or a combination thereof as a mam reactive component that 
reTS wiWd mass, said Etching gas not containing a carbon-bearing component, whereby sa^d 
Jposed ierof said riiass is selectivity etched, wherein said etchng chamber has no carbon-toearing 

TrpiSc^T^^or^^^^^^^^ 

''TJ:XT.T^Z^^^T^^^ etching gas contains .ess than 40 ppm of carbon 

content based on the total weight of said etching gas. .... ,, ,^ a 

12 A prrcess according to any one of claims 8 to 11. wherein said etching mask Is composed of a 

"rAtr^ratJrdi:^^^^^^^^^^^ one of claims 8 to 12. whei^in said mass Is made of a polycrystalline 
silicon and said etching mask is made of silicon oxide or nitride. k ^^^-nKminiHoac 

4 A process according to any preceding claim, wherein said etching gas -jontains hydrogen bromid^^^^ 
a rn^n reactive componem that reacts with said mass, and wherein there is provided a™und said mass 
haTS! said etching mask of the organic material thereover an atmosphere containing excited oxygen 
atoms separated from a plasma thereof. 
15. A process for selectively etching amass, comprising: 

providing an etching mask of an organic material over the mass to expose an area of the mass to be 

prSg a plasma of an etching gas in contact with said mass, said etching sas containl^^^^^^^^ 
bromide as a main reactive component that reacts with said mass, whereby said exposed area of said 

pSt^^^^^^^^^ s^d etching mask of the organic materia, thereover, an atmosphere 

^Tssrosr^^^^^ 

50 of oxygen after said plasma etching step and before or after said excited oxygen atom ^^f^]-... . 

17 A process according to claim 14. 15. or 16. wherein said etching mask of an organic matenal is 

'TA%Z:^'':^ZV.ny one of ci.ms 14 to 17. wherein said mass to be etched Is of 

polycrystalline silicon. 

65 



30 



35 



45 



55 



12 



BNSDOCID: <FP aiPRa.'V>AP ( > 



EP 0 328 350 A2 




BNSDOCID: <EP 032S350A2 I > 



EP 0328 350 A2 



Fig. 4 A 



38 
33 



2 




,32 
31 



Fig. 4 B 



9 




,38 

33 



31 
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